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Abstract 

Objective To investigate whether surgery by open reduction and internal 
fixation provides benefit compared with non-operative treatment for 
displaced, intra-articular calcaneal fractures. 

Design Pragmatic, multicentre, two arm, parallel group, assessor blinded 
randomised controlled trial (UK Heel Fracture Trial). 

Setting 22 tertiary referral hospitals, United Kingdom. 

Participants 151 patients with acute displaced intra-articular calcaneal 
fractures randomly allocated to operative (n=73) or non-operative (n=78) 
treatment. 

Main outcome measures The primary outcome measure was patient 
reported Kerr-Atkins score for pain and function (scale 0-1 00, 1 00 being 
the best possible score) at two years after injury. Secondary outcomes 
were complications; hindfoot pain and function (American Orthopaedic 
Foot and Ankle Society score); general health (SF-36); quality of life 
(EQ-5D); clinical examination; walking speed; and gait symmetry. 
Analysis was by intention to treat. 

Results 95% follow-up was achieved for the primary outcome (69 in 
operative group and 74 in non-operative group), and a complete set of 
secondary outcomes were available for 75% of participants. There was 
no significant difference in the primary outcome (mean Kerr-Atkins score 
69.8 in operative group v65.7 in non-operative group; adjusted 95% 
confidence interval of difference -7.1 to 7.0) or in any of the secondary 
outcomes between treatment groups. Complications and reoperations 
were more common in those who received operative care (estimated 
odds ratio 7.5, 95% confidence interval 2.0 to 41.8). 

Conclusions Operative treatment compared with non-operative care 
showed no symptomatic or functional advantage after two years in 
patients with typical displaced intra-articular fractures of the calcaneus, 
and the risk of complications was higher after surgery. Based on these 



findings, operative treatment by open reduction and internal fixation is 
not recommended for these fractures. 

Trial registration Current Controlled Trials ISRCTN371 88541. 

Introduction 

Fractures of the calcaneus, or heel bone, make up about 2% of 
all fractures and are the commonest fracture of the tarsal bones. 1 
Some calcaneal fractures are minor injuries, but many are severe, 
high energy fractures. These more serious injuries usually occur 
after a fall from a height, often from scaffolding or a ladder, or 
as a result of a road traffic incident. In 2010, 2721 people in 
England, 2 and 17 274 in the United States, 3 were admitted to 
hospital with these serious injuries, typically with an inpatient 
stay of more than a week. The incidence is even higher in 
developing countries. 4 5 

These calcaneal injuries are destructive, with fracture and 
displacement of the whole bone and its joint surfaces; the 
subtalar joint in particular may be severely disrupted. With 
conservative treatment the fracture fragments usually heal 
together, but the calcaneus remains deformed, the joint surfaces 
are incongruous, and the alignment of the leg through the ankle 
to the heel is lost. Severe, painful osteoarthritis of the subtalar 
joint often follows. Recovery is prolonged, typically taking two 
years. Even then, most patients have a painful, stiff, deformed 
foot, and are unable to wear a normal shoe; walking is painful 
and many need the assistance of a walking stick. 6 These poor 
outcomes are especially problematic for the typical patient who 
is a labourer or outdoor worker, as they are unable to resume 
their occupation. This affect on working life was recognised as 
early as 1916: "Ordinarily speaking, the man who breaks his 
heel bone is done, so far as his industrial future is concerned." 7 
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In developing countries especially, this loss of economic 
potential has a negative effect on patients and their families. In 
developed countries, healthcare and societal costs are high 
because of the long hospital stay, extended treatment, delayed 
or non-return to work, and long term disability benefits. 8 

Conservative, non-operative care includes elevation, application 
of ice, early mobilisation, and the use of a splint. 6 Orthopaedic 
surgeons have aimed to treat severe calcaneal fractures to 
accelerate recovery and reduce pain and deformity. In the 1950s, 
operative treatment with a percutaneous "spike" became popular 
and was widely performed.' In the 1960s, enthusiasm waned 
because of reported difficulties of the technique. 10 In the 1980s, 
limited exposure of the subtalar joint and fixation with wires 
was attempted, but a randomised controlled trial showed no 
benefit from surgery." In the 1990s, computerised tomography 
allowed a better understanding of fracture patterns, and new 
surgical approaches were developed that allowed surgeons to 
realign the bone fragments, fix them with plates and screws, 
and restore the subtalar joint. 12 Observational studies of these 
treatments 13 reported low complication rates and better clinical 
outcomes than had been observed in historical non-operative 
series, and this new surgical treatment of severe calcaneal 
fractures rapidly spread in Europe, the United States, Canada, 
and Australia. It is now being promoted in developing 
countries. 14 

Four independent systematic reviews, 15 " 18 including a recent 
Cochrane review, have examined the controlled evidence for 
the effectiveness of this surgery. All four reviews remarked on 
the paucity of evidence and the poor quality of studies to date. 
One suggested that surgery might lead to better functional 
recovery than conservative care, but all noted the risk of 
complications after surgery, including infection and the need 
for reoperation. All concluded that the available evidence is 
insufficient to choose the best management strategy for these 
fractures. 

The current situation is one of uncertainty. Some orthopaedic 
surgeons are enthusiastic about this surgery for calcaneal 
fractures, and recommend it to patients. Others consider the 
operations to be complex, expensive, risky," and without proved 
benefit, and so recommend non-operative care. The dilemma 
of how best to treat such patients is a familiar one in hospitals 
worldwide; whether a patient who sustains this fracture in the 
United Kingdom today undergoes surgery depends to an extent 
on the hospital and the surgeon. 

We performed a large, pragmatic, randomised controlled trial 
in the UK National Health Service to assess whether operative 
care leads to better outcomes than non-operative care in patients 
with typical, closed, displaced intra-articular calcaneal fractures 
over two years after injury. 

Methods 

Study design and participants 

We carried out a pragmatic, multicentre, two arm, parallel group, 
assessor blinded randomised controlled trial with 1 : 1 treatment 
allocation. Patients were eligible if they were aged 18 years or 
more, and able to give informed consent, with a recent (less 
than three weeks) closed, intra-articular, displaced (subtalar 
joint posterior facet displacement of at least 2 mm) calcaneal 
fracture. Exclusions were gross deformity of the hindfoot (which 
we called fibula impingement and defined as: such severe 
calcaneal varus that after healing patients would walk on the 
tip of the fibula; or such severe calcaneal valgus that the tip of 
the fibula was embedded in the lateral wall of the calcaneus), 



other serious leg injuries sufficient to affect outcome at two 
years, not fit for surgery, peripheral vascular disease, or inability 
to adhere to the trial procedures. We included patients with 
bilateral fractures unless one or both of the fractures met the 
exclusion criteria. 

Recruitment and randomisation of 
participants 

We recruited participants from 22 UK hospitals in 2007-09. All 
were regional referral centres for calcaneal fractures, and the 
surgeons were all recognised as specialists in the treatment of 
these injuries. The calcaneal fractures seen in the emergency 
department or referred to orthopaedic surgeons at each centre 
during the recruitment period were identified prospectively. To 
ensure identification of all eligible patients, we audited 
attendance at the emergency departments and the radiology 
records. 

Surgeons in each centre identified potential participants, assessed 
eligibility, and graded each fracture into one of four types 
according to Sanders classification: l=non-displaced fractures 
(displacement <2 mm); 2=two-part or split fractures of the 
subtalar joint; 3=three-part or split depression fractures; and 
4=four-part or highly comminuted articular fractures. 20 Research 
associates approached eligible patients to explain the trial, 
supported by a DVD presentation. Patients who consented to 
participate were randomised 1: 1 to receive operative or 
non-operative care, using a mimimisation algorithm for centre, 
smoking status, diabetes, bilaterality, and Sanders classification. 
Randomisation was by participant, so those with bilateral 
fractures were allocated the same treatment on both sides. A 
secure telephone randomisation service ensured allocation 
concealment. We collected baseline data before randomisation. 
All participants provided written informed consent. 

Interventions 

Initial treatment for all participants was bed rest, analgesia, 
elevation of the foot, and application of ice. 

Operative treatment was open reduction and internal fixation 
within three weeks of injury, performed through an extensile 
lateral approach, with interfragmentary screws and application 
of a neutralisation plate or plates to the lateral wall of the 
calcaneus. 12 This surgical technique was chosen because it is 
considered to be the standard of care in the United States, United 
Kingdom, and most centres around the world. 21 Postoperative 
care included application of a splint, six weeks non-weight 
bearing followed by six weeks partial weight bearing, with early 
active mobilisation of the ankle and subtalar joints, managed 
by a standardised physiotherapy rehabilitation regimen. 
Postoperative computed tomography was performed within 
three months of surgery; an independent radiologist (CH) 
classified the technical outcome of surgery by accuracy of 
reduction. 

Non-operative treatment began with gentle mobilisation of the 
ankle and subtalar joints as pain allowed, and the fitting of a 
removable splint. Participants were mobilised and non-weight 
bearing (on the affected side) for six weeks, followed by six 
weeks partial weight bearing. They were managed by the same 
standardised physiotherapy rehabilitation regimen as the 
operative treatment arm. Compliance with the physiotherapy 
protocol was assessed by a proforma completed by the treating 
physiotherapist, and by questions in the patient assessments at 
six weeks and six months. 
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Outcome measurement 

The primary outcome instrument was the Kerr- Atkins calcaneal 
fracture score. 22 This is a validated patient reported instrument 
quantifying pain and function after calcaneal fracture. One 
hundred points represent normal pain and function. Scores in 
the range 80-100 indicate either slight pain or minor restrictions 
to walking ability, such as occasional use of a walking stick, 
and scores in the range 60-80 indicate moderate pain, restricted 
walking, and more than occasional use of a walking stick. We 
measured the primary outcome at two years after injury when 
at least two thirds of the patients would be expected to have 
reached maximal recovery. 23 Quality of life and general health 
status were measured using the EuroQol EQ-5D 24 and SF-36. 25 
We used the American Orthopaedic Foot and Ankle Society 
score to assess global hindfoot function 26 ; the instrument is not 
specific to the calcaneus, but it has been widely used in studies 
of foot and ankle surgery. Patient reported outcomes were 
gathered before randomisation, and by postal questionnaires 
after 6, 12, and 18 months. Complications, additional surgery, 
and return to work were recorded at a six week follow-up 
consultation, and at 6, 12, 18, and 24 months. 

At two years, participants completed a final set of Kerr- Atkins, 
EQ-5D, SF-36, and American Orthopaedic Foot and Ankle 
Society score questionnaires, and a single physiotherapist, who 
was unaware of treatment allocation, performed a clinical 
assessment. Medial to lateral heel width was measured with a 
caliper at the widest point of the heel distal to the malleoli. 
Hindfoot range of movement was measured with a goniometer 
with the participant sitting. 27 Walking speed was measured over 
a 6 m track, with 1 m at either end for acceleration and 
deceleration, during five trials. Gait was assessed with an in-shoe 
pedobarographic system (F-Scan; Tekscan, Boston, MA). We 
recorded and averaged each step for both feet. For the injured 
and non-injured feet (bilateral fractures were excluded) we 
calculated contact duration; peak pressures for midfoot, first 
metatarsal head, and fifth metatarsal head; and force-time 
integral (impulse). During this examination, participants wore 
thin socks to obscure surgical scars and maintain blinding of 
the physiotherapist. 

Statistical analysis 

Through discussion with surgeon collaborators during a pilot 
study in 24 patients we agreed a minimum clinically important 
difference of 15 points in the Kerr-Atkins score. These patients 
met the same inclusion criteria as for this trial, and were operated 
on by two surgeons. Fifteen points corresponds to the difference 
between, for instance, moderate pain and no pain, or between 
moderate restriction and an unrestricted ability to walk. 22 
Whereas a smaller 10 point difference in Kerr-Atkins score 
would analogously correspond to the difference between slight 
pain and no pain, or between minimal restriction and an 
unrestricted ability to walk. The pilot study gave an estimate 
for the standard deviation of 20 points, similar to that of other 
studies (14 and 15-20 points in two case series 13 28 ). We designed 
the study to detect a treatment effect of 10 points with 80% 
power at the 5% significance level, which required data from 
126 participants. Allowing for approximately 20% loss to 
follow-up, we sought to recruit 150 participants. 

For the main analysis we assessed differences in the Kerr-Atkins 
score at two years after injury between treatment groups on an 
intention to treat basis. We summarised primary and secondary 
outcomes using means (standard deviations) and treatment 
effects as the difference in means (with 95% confidence 
intervals). Estimates of treatment effects were obtained using 



mixed effects regression models with adjustment for the fixed 
effects of baseline (pre-injury) scores, age, sex, smoking status, 
diabetes, employment status, Sanders classification, and 
compensation status, 2 ' and for the random effect of recruiting 
centre. We used conventional linear models for all outcomes 
based on assumed approximate normality, other than return to 
work where we used a logistic regression model. For the primary 
outcome, we regarded P values of less than 0.05 to be 
significant; however, to adjust for multiple testing, for all 
secondary outcomes we regarded P values of less than 0.01 to 
be significant. To investigate the moderating effects of Sanders 
classification on treatment we planned subgroup analyses for 
the primary outcome measure, and we used a formal interaction 
test to assess these effects in the regression model. 30 We used 
X 2 tests or Fisher' s exact tests (for infrequent events) to compare 
complications between groups as well as sex and age profiles 
of participants who were recruited, ineligible, or refused to take 
part in the trial. For other outcome data, we used / tests and 
Wilcoxonrank sum tests to compare the treatment groups under 
assumed approximate normality and non-normality of outcome 
distributions. For participants with bilateral fractures, we 
collected outcome measures for the more severely injured side, 
with analysis for that fracture. For data on gait, we used a 
symmetry index to describe the difference between injured and 
non-injured feet. This was calculated as the difference in a metric 
divided by the mean of that metric for both sides. 31 A value of 
0% indicated no imbalance (complete symmetry) and a negative 
value indicated that the metric was smaller for the injured foot 
than for the non-injured (control) foot. 

Results 

Overall, 2006 patients presented to the collaborating centres 
with calcaneal fractures. Of these, 502 had severe fractures that 
met the eligibility criteria (fig ljj). An audit of all centres 
identified only three further patients with displaced, 
intra-articular fractures who might have been eligible for the 
trial. Of the 502 eligible patients, 151 consented to participate 
and were randomised to the operative (n=73) and non-operative 
(n=78) groups, with a median of 5 (interquartile range 4-8) 
participants per centre. The mean age of participants was 46.5 
years (range 18-80), and 24 (16%) were women. No significant 
differences were found between treatment groups in sex, age, 
body mass index, smoking, prevalence of diabetes, or baseline 
scores (table ljj). Follow-up for the primary outcome after two 
years was 95% in each group. All of the secondary outcome 
measures at all time points were available for 75% of the 
patients. 

In total, 351 patients were eligible but declined to participate; 
there were no significant differences between those who 
consented to participate and those who did not. The commonest 
reason for patients declining (n=290, 83%) was a preference 
for operative or non-operative care, with preferences equally 
balanced (144 and 146, respectively). 

Operations were performed by 27 surgeons across the 22 centres. 
No centre had more than two surgeons; the median number of 
operations per surgeon was two with a maximum of six. 
Postoperative computed tomography was performed on 5 1 
(72%) of those who received operative treatment; the remaining 
20 participants did not attend their scan appointments. Accuracy 
of the operative reduction was rated on the scans as no more 
than a 2 mm step in the articular surface (n=40; 78%, 95% 
confidence interval 64% to 88%), a residual step of more than 
2 mm (n=7), and a residual step greater than 2 mm and poor 
alignment of the calcaneal body (n=4). 
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Most of the trial participants attended for outpatient 
physiotherapy, 65/73 (89%, 95% confidence interval 79% to 
95%) in the operative group and 66/78 (85%, 74% to 91%) in 
the non-operative group (P=0.27). Twelve did not attend 
scheduled outpatient physiotherapy sessions (three operative 
and eight non-operative); in eight their use of physiotherapy 
was not known (three left the United Kingdom, two withdrew 
from the trial, and three were lost to follow-up). The median 
number of sessions attended was eight (range 1-30) in the 
operative group and six (range 1-30) in the non-operative group, 
with no evidence (P=0.22) that attendance at physiotherapy 
sessions differed between the intervention groups. 

Kerr- Atkins scores improved for 18 months after injury and 
were then stable to the trial endpoint at two years for the full 
population as well as for subgroups with type 2 fractures and 
with type 3 and 4 fractures according to Sanders classification 
(fig 2,||). At two years, Kerr-Atkins scores were in the range 
60-80 and still considerably lower than before injury, indicating 
moderate pain and changes to normal walking. This was 
confirmed by the SF-36 physical component scores, which were 
approximately 40 at two years, a level associated with 
longstanding physical illness. 32 

On intention to treat analysis (table 2|l), the Kerr-Atkins scores 
were similar between operative (69.8) and non-operative (65.7) 
groups after two years, with an unadjusted effect size of 4. 1 
points (95% confidence interval -3.4 to 1 1.5, P=0.28). No 
treatment effect was observed after adjustment for potential 
confounders (difference in Kerr-Atkins score -0.03, 95% 
confidence interval -7.08 to 7.02). Although the trial was not 
formally powered to assess the effects of fracture severity on 
outcome, table 2 shows estimated treatment effects for 
subgroups according to Sanders classification; a formal 
interaction test in the regression analysis showed no evidence 
(P=0.697) that the effect of surgery was affected by fracture 
severity. There was no evidence for treatment effects for general 
health (SF-36 physical or mental component scores), quality of 
life (EQ5-D), or hindfoot pain and function (American 
Orthopaedic Foot and Ankle Society score), table 2). Neither 
were there treatment effects of surgery for heel width, range of 
motion, walking speed, or any other metrics of gait symmetry. 
Range of motion and gait symmetry data are expressed as 
percentage changes compared with the non-injured foot in table 
2, with raw data in figures 3JJ and 4JJ.. 

Significantly more patients experienced complications and 
reoperations (table 3||) in the operative group (17/73; 23%) than 
in the non-operative group (3/78; 4%); estimated odds ratio 7.5 
(95% confidence interval 2.0 to 41.8, Fisher's exact test P 
<0.001). The most common complication was surgical site 
infection. All of these infections occurred in the operative group, 
usually within six weeks, and 5/14 required remedial surgery. 
Three more patients had reoperations to remove painful, 
prominent screws and plates. By two years, three subtalar 
fusions for painful arthritis had been performed in the 
non-operative group, but none in the operative group. 

Since eight patients had crossed over between treatment 
allocation groups, all the above intention to treat analyses were 
repeated on an as treated basis. This also provided no evidence 
for significant treatment effects — for example, the main result 
of the difference in the mean Kerr-Atkins score between those 
who had surgery and those who did not was - 1 .08 points (95% 
confidence interval -8.10 to 5.95). 



Discussion 

Surgical treatment of typical, closed, displaced calcaneal 
fractures does not improve outcome when compared with 
non-operative treatment, and leads to an increase in serious 
complications. We found no difference in patient reported 
outcome at two years between those treated by open reduction 
and internal fixation and those treated non-operatively. There 
was also no treatment effect on any of the secondary outcome 
measures at any time point, including subjective and objective 
measures, which reinforces our main result. We had anticipated 
benefit in at least some of these measures, but there were no 
differences in patient reported general health, quality of life, or 
ability to return to work. Ranges of movement of the injured 
hind foot were no different between treatment groups, and even 
heel width (a commonly suggested reason for surgery, to 
facilitate shoe fitting) was the same. Walking speed and five 
different metrics of gait also showed no difference at two years 
after injury. 

Complication rates were much higher in the operatively treated 
group, with a 19% infection rate and an 1 1% requirement for 
secondary surgery to remove infected or painful screws and 
plates. These are serious and expensive complications, which 
can be avoided by choosing non-operative care. 

Participants in this study recovered slowly, regardless of their 
treatment, reaching a plateau of improvement at about 1 8 
months. After two years, most were still adversely affected by 
their injury. About 85% had returned to work, although most 
changed to less physically demanding work, with no difference 
between groups. 

Longer term follow-up may reveal differences in consequences 
between treatment groups, such as the progression of arthritis, 
the need for late subtalar fusion surgery, or better results of late 
fusion when primary open reduction and internal fixation were 
performed. Our results support this possibility, with three fusions 
performed in the non-operative group and none in the operative 
group. However, we believe that it is too early to draw such a 
conclusion, and we plan to report comparisons after five years 
of follow-up. 

Strengths and limitations of this study 

Our study was a pragmatic trial involving 22 hospitals and 27 
specialist surgeons and so can be relied on to give a realistic 
assessment of effectiveness of surgery in the real world; no 
individual surgeon undertook more than six procedures, and the 
median number of procedures for each surgeon was two. The 
best recruiting centre recruited 1 3% of the study population and 
the best five centres together recruited just over 50% of the total; 
this represented a typical spread of recruitment numbers, which 
reflected true variability in performance between centres and 
the fact that centres came into the study sequentially over a 
considerable period, and so the number of months each centre 
had been recruiting into the study differed markedly between 
centres. There was no evidence to suggest that study participants 
differed in severity of fractures between recruitment centres. 
Although a few patients had less than perfect fracture reductions, 
this illustrates the difference between measurement of 
effectiveness and efficacy and the value of a pragmatic trial. 
Participants were drawn from a large cohort of almost all 
patients with calcaneal fractures presenting to emergency 
departments during the trial. Most patients who were excluded 
had fractures that did not require surgery (extra-articular or 
undisplaced), whereas some had open or severely displaced 
fractures that absolutely required surgery. Patients who were 
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included represent those for whom there is most uncertainty 
around the best treatment choice. 

All of the surgeons who took part were considered to be experts 
by their peers. They are the surgeons to whom patients with 
calcaneal fractures are referred from across the United Kingdom. 
It is possible that a surgeon with an extremely specialised 
practice, and with a high volume of this type of surgery, could 
achieve a better outcome. We have no evidence to support this, 
and such a trial could not be performed in the United Kingdom. 
This study provides a pragmatic result for the UK National 
Health Service, which reflects current surgical practice, case 
mix, and organisation of services in the United Kingdom. 

Recruitment rate was 30% among eligible patients, which is at 
least as high as has been achieved in other surgical trials of 
operative compared with non-operative care. We are confident 
that our result is generalisable because those who agreed and 
those who declined to participate were similar in all factors that 
we found to be associated with variation in outcome. The 
follow-up rate was 95% for the primary outcome measure, 
giving us confidence in our estimate of effect. There was no 
significant change in this estimate between an intention to treat 
analysis and a per protocol analysis, indicating that the small 
crossover rate (5%) did not influence our results. 

The observed standard deviation of the primary outcome was 
24 points compared with the 20 points we used for the power 
calculation. However, the confidence interval for the primary 
outcome excludes a treatment effect of 10 points, which we 
designed the trial to detect. The sample size was large enough 
to detect this magnitude of treatment effect if it exists. We 
cannot exclude a smaller effect, but our data do not suggest that 
such a benefit exists. Even if it did, a larger trial may not be 
feasible (a similar Dutch study closed early in 2012 after 
problems with recruitment 18 ), and it seems unlikely that such a 
small beneficial treatment effect would warrant the increased 
risk of complications that we observed. 

We studied patients with closed, displaced fractures. Forty five 
(0.2%) open fractures and 57 (0.3%) grossly displaced fractures 
showing "fibula impingement" were excluded from the study. 
Most of these were treated operatively. Some were treated by 
external fixation, some by primary fusion, some by amputation, 
and some by open reduction and internal fixation. Before the 
study began, we identified these as types of fracture that were 
likely to need operative treatment, and our results do not apply 
to these groups. 

We have studied the effectiveness of open reduction and internal 
fixation for calcaneal fractures. Other surgical techniques have 
recently been proposed, including percutaneous fixation. 21 These 
techniques may be safer and more effective, as their proponents 
claim, but we believe that the results of this study should make 
us cautious about adopting them outside of a clinical trial. 

Comparison with other studies 

A recent Cochrane review concluded that there was insufficient 
high quality evidence to establish whether surgical or 
conservative treatment was better for adults with displaced 
intra-articular calcaneal fractures, and called for an adequately 
powered, multicentre controlled trial. 18 

Three trials have compared open reduction and internal fixation 
with non-operative care in patients with displaced intra-articular 
calcaneal fractures, and these showed an advantage with surgery. 
Two small trials were not randomised 31 14 and so are at high risk 
of selection bias. One randomised trial 35 reported benefits from 
surgery assessed by a functional questionnaire (87/100 v 55/100; 
P<0.001) and a qualitative grading of outcome. However, this 



study included only 30 patients and had a 13% loss to follow-up 
at a mean of 15 months. An independent clinical examination 
also found benefit of surgery, but only 37% of participants were 
assessed in this way, raising a high probability of attrition bias. 

Two further randomised trials have been reported comparing 
open reduction and internal fixation with non-operative care in 
patients with displaced intra-articular calcaneal fractures. The 
first was a Canadian trial 29 that included 424 patients. Unusually, 
it used a pre-randomisation strategy 36 in which potential 
participants were randomised and then asked to consent to the 
allocated treatment. The trial used two principal outcome 
measures: short form 36 (SF-36) and a visual analogue score 
for pain. Outcome was assessed in 73% of participants. The 
authors concluded that there was no overall benefit from surgery, 
but that on subgroup analysis, some groups of patients did better 
with than without surgery. Although statistically significant, 
these benefits may not have been clinically significant, or at 
least were not defined as such pre-hoc. One surgeon performed 
the majority of operations (73%), limiting the generalisability 
of the results. The large volume of operations done by one 
surgeon may have contributed to a difference between this trial 
and ours: the Canadian trial showed a benefit of surgery for type 
2 fractures according to the Sanders classification; in our more 
generalisable study we showed no such benefit. We used the 
Canadian trial to plan our study, dealing with the criticisms that 
have been made of it. In particular, we avoided selection bias 
by randomising all eligible consenting patients and allowing no 
post-randomisation exclusions, ensured generalisability by 
including many surgeons in many centres, avoided attrition bias 
by achieving a much higher rate of follow-up (95%), used a 
disease specific outcome instrument, and prespecified the 
subgroup analyses. 

The second trial, 37 from five centres in Sweden, was published 
since we began our study and since the recent Cochrane 
systematic review. Eighty two patients were randomised to open 
reduction and internal fixation or non-operative care. Outcome 
measures were similar to those in the Canadian trial, and 
follow-up rates were 93% at one year and 71% at 8-12 years. 
At one year, there were no differences between groups, although 
our study showed that patients are unlikely by then to have 
reached a plateau in their recovery. At the later follow-up, the 
authors reported "a trend toward better scores" in patient 
reported outcomes for the operative group, but this was not 
statistically significant. 

The Canadian trial did not find an overall benefit from surgery, 
but was criticised for its methodology. The Swedish trial also 
did not find a benefit from surgery, but the authors suggested 
that this was only because it was underpowered. Our trial has 
neither of these limitations: it had a robust design and was large 
enough to detect a clinically significant effect. We have clearly 
shown that surgery is ineffective. 

Conclusions 

Outcomes after open reduction and internal fixation of typical, 
closed, displaced intra-articular fractures of the calcaneus were 
no better than after non-operative care at two years. We also 
showed that complications and reoperations were much more 
common in the operatively treated group. There is no 
justification to continue with this surgery for closed displaced 
intra-articular calcaneal fractures without severe displacement. 
Patients and their surgeons can choose safer but equally effective 
non-operative care. 

For a clinical problem that has been beset with uncertainty for 
half a century, we believe that this study now provides clear 
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evidence to guide practice. Future developments in surgical 
techniques to treat these fractures should be tested in randomised 
controlled trials before they are widely used. 
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What is already known on this topic 

Displaced intra-articular fractures of the calcaneus (heelbone) are a serious injury, often caused by falls, and most common in manual 
workers and labourers 

Outcomes are often poor, with many patients disabled and unable to return to previous work 

For years there has been controversy about whether surgery to reconstruct the acute fracture is safe and can improve outcomes, but 
evidence from randomised controlled trials has been insufficient to guide practice 

What this study adds 

Surgery by open reduction and internal fixation in patients with typical displaced calcaneal fractures does not improve outcomes compared 
with non-operative care 

Operative treatment was associated with a higher rate of complications 
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Tables 



Table 1| Baseline characteristics of 151 trial participants. Values are either counts (percentages) or means (standard deviations) 



Characteristics 


Operative (n=73) 


Non-operative (n=78) 


Males (%) 


64 (88) 


63 (81) 


Age (years) 


44.8 (14.8) 


48.2 (16.5) 


Body mass index 


25.4 (5.1) 


25.3 (3.9) 


Smokers (%) 


37 (51) 


44 (56) 


Diabetes (%) 


1 (1) 


3(4)* 


Kerr-Atkins 


99(1) 


99 (4) 


Sanders classification (%)*: 


2 


35 (49) 


35 (46) 


3 


27 (38) 


30 (39) 


4 


9(13) 


11 (15) 


SF-36 PCS 


51 (10) 


53 (9) 


SF-36 MCS 


55 (10) 


56 (10) 


EQ-5D 


0.9 (0.2) 


0.9 (0.2) 


*One participant with unknown diabetes status; Sanders classification from 147 participants (four could not be classified precisely). 
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Table | Means and standard deviations of outcomes at two years follow-up, and estimated treatment effects after adjustment. Values are 
means (standard deviations) unless stated otherwise 






Operative 




Non-operative 


Difference (95% CI) 




Outcomes 


No 


Values 


No 


Values 


Raw 


Adjusted* 


P value 


Primary outcome (Kerr-Atkins score) 


All participants 


69 


69.8 (21.8) 


74 


65.7 (23.7) 


4.1 


0.0 (-7.1 to 7.0) 


0.993 


Subgroups: 


Sanders 2 


33 


74.3 (20.4) 


34 


70.3 (24.9) 


4.0 


1.0 (-8.9 to 10.9) 


0.842 


Sanders 3 or 4 


34 


66.1 (21.9) 


38 


63.0 (22.2) 


3.3 


3.1 (-7.6 to 13.8) 


0.571 


Males 


60 


71.9 (20.1) 


59 


67.7 (23.5) 


4.2 


1.4 (-5.7 to 8.5) 


0.706 


Females 


9 


55.7(28.2) 


15 


57.5 (23.8) 


-1.8 


0.2 (-20.6 to 21.0) 


0.987 


Secondary outcomes 


Patient reported 
outcomes: 


SF-36 PCSt 


54 


43.7(11.1) 


62 


37.0 (13.1) 


6.7 


3.3 (-0.9 to 7.6) 


0.131 


SF-36 MCSt 


54 


53.4(11.4) 


62 


53.6 (12.3) 


-0.2 


-2.5 (-6.7 to 1 .6) 


0.235 


EQ-5D 


59 


0.72 (0.22) 


62 


0.66 (0.27) 


0.07 


0.03 (-0.06 to 0.11) 


0.568 


AO FAS 


54 


79.2 (16.2) 


60 


76.8 (19.7) 


2.5 


0.1 (-6.5 to 6.7) 


0.976 


Return to work (%) 


45 


84.4 


36 


88.9 


§0.68 


§0.64 (0.12 to 3.32) 


0.599 


Clinical measurements: 


Dorsiflexion (%)$ 


49 


-35.3 (115.1) 


54 


-28.1 (67.8) 


-7.2 


-17.0 (-54.7 to 20.8) 


0.381 


Plantarflexion (%) 


49 


-25.3 (37.3) 


55 


-27.7 (41 .7) 


2.4 


-5.9 (-22.9 to 1 1 .0) 


0.493 


Inversion (%) 


48 


-66.4 (47.8) 


54 


-56.3 (55.4) 


-10.1 


-18.2 (-39.0 to 2.6) 


0.090 


Eversion (%) 


48 


-71.7 (57.9) 


54 


-56.4 (52.7) 


-15.3 


-13.2 (-37.4 to 10.9) 


0.287 


Heel width (mm) 


48 


67.9 (7.7) 


54 


68.0 (7.0) 


-0.1 


-0.9 (-3.9 to 2.2) 


0.571 


Walking speed (m/s) 


54 


1.19 (0.24) 


58 


1.05 (0.29) 


0.15 


0.05 (-0.02 to 0.17) 


0.137 


Gait symmetry indices: 


Contact duration (%)$ 


45 


-0.9 (7.4) 


50 


1.1 (8.2) 


-2.0 


-3.1 (-6.3 to 0.2) 


0.072 


Midfoot PP (%) 


45 


24.7 (76.5) 


51 


27.3 (72.3) 


-2.6 


-6.7 (-39.9 to 26.5) 


0.693 


1st metatarsal PP (%) 


45 


-31.9 (64.7) 


51 


-9.9 (72.8) 


-22.0 


-21 .8 (-50.7 to 7.1) 


0.144 


5th metatarsal PP (%) 


45 


11.2 (68.6) 


51 


3.0 (61.4) 


8.2 


4.7 (-22.3 to 31 .7) 


0.735 


Force time integral (%) 


45 


-9.2 (20.8) 


51 


-9.3 (30.1) 


0.1 


-0.8 (-11.9 to 10.4) 


0.895 



PP=peak pressure. 

'Mixed effects regression with baseline score, age, sex, smoking status, employment status, Sanders classification, and compensation status fitted as covariates 
(fixed effects) and recruiting centre as random effect. 

tSF-36 PCS (physical component) and SF-36 MCS (mental component) normative scores: mean 50 (SD 10). 

$% difference relative to non-injured foot — that is, 100x(injured-non-injured)/0.5x(injured+non-injured), for unilateral fractures only. 

§Odds ratio for binary outcome. 
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Table 3| Details and rates of complications and reoperations by treatment group 



Reported complications and reoperations 


Operative (n=73) 


Non-operative (n=78) 


6 weeks* 


Treatment of surgical site infections: 


Antibiotics and dressings 


6 


0 


Wound debridement 


2 


0 


Removal of screws/plates 


2 


0 


6 monthsf 


Treatment of surgical site infections: 


Antibiotics and dressings 


3 


0 


Removal of screws/plates 


1 


0 


Removal of prominent metalwork 


1 


0 


Sural nerve injury 


0 


1 


12 months 


None 


0 


0 


24 months^ 


Removal of prominent metalwork 


2 


0 


Subtalar fusion for chronic pain§ 


0 


3 


Reported by participants (No (%)): 


Neurovascular injury 


0(0) 


1 (1) 


Surgical site infection 


14 (19) 


0(0) 


Reoperations 


8(11) 


3(4) 


Any complication or reoperation^ 


17 (23) 


3(4) 



'Reported from nine centres. 

-(-Complications in operative group reported from two centres, complication in non-operative group from another centre. 
^Complications in operative group reported from one centre, complications in non-operative group reported from three centres. 
§lncludes participant with sural nerve injury. 
HSome participants experienced more than one event. 
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Figures 



Patients with calcaneal fractures (n=2006) 



Excluded (n=1504): 
Patients not eligible (n=1494): 
<18 years (n=46) 
Open fracture (n=45) 
Undisplaced fracture (n=477) 
Extra-articular fracture (n=395) 
Fracture >3 weeks (n=27) 
Bilateral (before change in criteria) (n=25) 
Fibula impingement (n=57) 
Previous abnormality (n=4) 
Other serious injuries (n=177) 
Peripheral vascular disease (n=10) 
Contraindication to surgery (n=50) 
Unable to adhere to trial procedures (n=99) 
Unable to give informed consent (n=8) 
Patient self discharged (n=29) 
Trial staff not available (n=24) 
Military (n=l) 

Admitting surgeon not in trial (n=20) 
Potentially eligible patients missed from recruitment (n=3) 
Incomplete or missing data (n=7) 



Eligible patients (n=502) 

Patients declined to participate (n=351): 
Preferred non-operative care (n=146) 
Preferred operative care (n=144) 
Wanted to be treated close to home (n=ll) 
Self discharged (n=9) 
Wanted private care (n=l) 
Did not want to participate in research (n=22) 
Did not want follow-up assessments (n=9) 
No reason given (n=9) 



Patients randomised (n=151) 
I 



Allocated to operative care (n=73) 



Received non-operative care (n=5): 
Changed their minds after randomisation 
(n=2) 

Declined surgery during wait for 
operation (n=l) 

Declined surgery after later discussion 
with surgeons (n=2) 



Follow-up at two years, primary outcome 

assessed (n=69, 95%) 
Not followed up (n=4): 

Died (n=l) 

Withdrew (n=l) 

Lost to follow-up (n=2) 



Allocated to non-operative care (n=78) 



Received operative care (n=3) 
All changed their minds after 
randomisation 



Follow-up at two years, primary outcome 

assessed (n=74, 95%) 
Not followed up (n=4): 

Died (n=2) 

Withdrew (n=l) 

Lost to follow-up (n=l) 



Intention to treat analysis of patients (n=151) 



Fig 1 Trial profile 
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Fig 2 Kerr-Atkins scores for calcaneal fracture and 95% confidence intervals at baseline (before injury) and 6, 12, 18, and 
24 months after injury for all participants and for those with type 2 and with type 3 or 4 fractures (Sanders classification) 
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Fig 3 Range of motion in degrees (group means and 95% confidence intervals) and gait symmetry data at 24 months 
post-injury for injured and non-injured feet 
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Fig 4 Gait metrics (group means and 95% confidence intervals) at 24 months post-injury for injured and non-injured feet 
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